It is well established that megacolon in carnivores, including both cats and dogs, is a common finding. Megacolon occours more often in the cat that the dog. Based on current data idiopathic megacolon is a common cause of constipation in cats (62% of constipated cats are affected by diopathic megacolon). There is no evidence of idiopathic megacolon in dogs and publications about this disease in this species is very scarce. We investigated the enteric nervous system in the dilated portion (DP) of the colon in dogs with idiopathic aquired (n=7) or secondary aquired megacolon (n=21) and compared the results with a normal colon in control dogs (n=3
INTRODUCTION
The term "megacolon" means an enlarged colon, which may be acute, toxic and chronic. In humans, chronic megacolon may be congenital (due to Hirschsprung's disease) or aquired. Aquired megacolon in children and adults is generally idiopathic or may represent the end-stage of any refractory constipation (slow transit constipation or pelvic floor disfunction) (Bharucha and Phillips, 1999) .
The pathogenesis of idiopathic megacolon has been poorly understood in humans and animals. In particular, it is unknown whether there are abnormalities involving the extrinsic nerves, the enteric nerve plexuses (Gatuso et al., 1998; Iantorno et al., 2007) , interstitial cells of Cajal (Lee et al., 2005) or the intestinal smooth muscle (Washabau and Stalis, 1996) . Abnormalities of any of these components could lead to gut dilatation and impaired motility (Olsson and Holmgren, 2001 ). Recently, no evidence was found that a defect of the myenteric plexus is involved in the development of idiopathic megacolon. Namely, idiopathic megacolon is characterized by a complete atrophy of the tendinous fibre net in the muscularis propria, potencially of multifactorial origin (Meier- Ruge et al., 2006) .
It is well established that megacolon in carnivores, including both cats and dogs, is a common finding. Megacolon occours more often in the cat that the dog, but based on some data it is un uncommon cause of constipation in both species generally (Burrows, 1996) . However, other studies suggest that 96% of cases of opstipated cats are accounted for by idiopathic megacolon (62%), pelvic canal stenosis (23%), nerve injury (6%) or Manx sacral spinal cord deformity (5%). Fewer cats are accounted for by complication of colopexy (1%) and colonic neroplasia (1%). In another 2% of cases, colonic hypoganglionosis or aganglionosis was suspected, but not proven. Inflammatory pharmacologic and environmental-behavioral causes were not cited as predisposing factors in any of the original case reports (Washabau and Hasler, 1996) .
There is no evidence of idiopathic megacolon in dogs and publications about this disease in the dog are very scarce (Bright et al., 1986; Burrows, 1996) . Many domestic cats and dogs affected with megacolon can be managed successfully. Namely, in chronic idiopathic megacolon, medical measures, such as colonic evacuation with enemas, laxatives and the prokinetic drug cisapride may suffice. If severe motor disfunction is confined to the colon, a subtotal colectomy may occasionally be necessary (Bright et al., 1986; Washabau and Hall, 1997; Bharucha and Philips, 1999; Snilleabhain et al., 2001) .
Colonic enteric nerve plexuses, including VIP innervation, have not yet been characterized in dogs affected with idiopathic megacolon. Therefore, the purpose of our study was to assess several aspects of the enteric nervous system in the affected colon, especially VIP-innervation, in dogs with idiopathic megacolon, and compare these findings with secundary megacolon and controls. Based on anamnestic data, as well as clinical, X ray and pathohistological examinations, in 7/28 dogs (25%) affected with megacolon the cause of the disease was unknown, and those cases were determined as idiopathic acquired megacolon (see Table 3 ). Control subjects were dogs who had undergone surgery for car crash injuries and died during the procedure.
Histology
During surgery, full thickness tissue specimens intended for routine histology and immunohistochemistry, were taken from the dilated transversal colon. Samples were fixed in 10% formalin longitudinally oriented and embedded in paraffin wax. For conventional histology sections were cut at 4-5 mm and stained with haematoxylin and eosin (H&E), periodic acid Schiff (PAS) and phosphotungstic acid haematoxylin (PTAH).
Immunohistochemistry
Well-oriented tissue colonic samples from each animal were used for immunohistochemistry and light microscope morphometry. The formalin fixed and paraffin-embedded 4 mm -tick tissue sections were deparaffinised and heated in a microwave oven at 680 W for 21 minutes, in citrate buffer pH 6.0 for antigen retrival, or incubated with proteinase K 10 min. at room temperature. Immunostaining was performed by incubating tissue sections with appropriate sera for 60 min at room temperature in a humid chamber, using the streptavidinbiotin technique (LSAB+ Kit, Peroxidase Labeling, K0690, DAKO Cytomation, Denmark). The list of primary antibodies and antigen demasking techniques are shown in Table 2 . Antigen-antibody complexes were visualized with 3-amino-9-ethylcarbasole (AEC, No. K3469, DAKO Cytomation, Denmark) or diaminobenzidine hydrochloride (DAB, No. K3468, DAKO Cytomation, Denmark ) substrate solution. The cell nuclei were contrastained with Mayer's haematoxylin. The control staining included omission of the primary antisera and replacement of the first layer of antibody by non-immune serum diluted 1:10 and by the diluent alone (Miller, 2002) . Expression of NSE-, SYN-, NFP-and S-100-immunoreactive neurons and nerve fibers of the enteric nerve system was determined semiquantitatively. Density of immunostained nerve fibers was assessed using a scoring system + -++++ (+ -sparse fibers; ++ -moderate; +++ -dense; ++++ -very dense fibers; --absence of fibers), while the number of the neurons/ganglion cells was assessed on a numeric scale 0 -4 (0 -absence of neurons; 4 -maximum number of neurons). Analysis was performed using a TV computing image analyzing system (Euantimet 720D).
Statistical analysis
Results were analyzed using parametric and non parametric tests: Student's t-test, Chi-Square test and Mann-Whitney test. P-values <0.05 were considered significant.
RESULTS
The subjects were 28 dogs affected with megacolon, 21 males and 7 females, mean age 7.53 ± 0.21 (range 5-9) and three control dogs. There were 7/28 (25%) dogs affected with idiophatic megacolon and 21/28 (75%) dogs affected with secondary megacolon.
Results based on anamnestic data, as well as clinical and X ray examination reveal that in 7% of cases affected with megacolon the possible cause was lack of activity and keeping animals in the apartment, while in 11% the predisposing factor was keeping the animals in the backyard and irresponsibility of the owners. In 11% of cases malnutrition was a possible cause of the disease, while injuries and pathological processes in the lumbosacral spinal cord or fracture of the hind legs were present in 46% of cases. In 25% (7/28) the cause of disease was unknown, and those cases were determined as idiopathic acquired megacolon (Table 3) .
Histology
Moderate melanosis coli was seen in 3 dogs with idiopathic (43%) and 7 dogs with secondary megacolon (33%). Also, moderate inflammatory cell infiltrate in lamina propria mucosae (obstructive colitis) was present in all dogs affected with megacolon. Expressive vasodilatation in the submucosal layer of the colon transversum was noticed in animals with idiopathic megacolon.
The thickness of the lamina muscularis mucosae was significantly increased in dogs affected with megacolon compared to controls (p<0.01), while there was no significant difference in the thickness of the longitudinal and circular muscle layers among animals with acquired idiopathic / secondary megacolon and the control group. In addition, values of circular / longitudinal muscle ratio were similar among investigated groups (Table 4) .
On the PTAH stained sections, mild fibrosis in the longitudinal muscle layer and muscularis mucosae was seen in 2 dogs (33%), while mild fibrosis in the circular muscle layer was recorded in one dog (14%) with idiopathic megacolon. Inclusion bodies on PAS stained section was not detected in any of the animals. Immunohistochemistry Immunohistochemical analysis revealed that in control animals, as well as in megacolon dogs, NFP-immunoreactivity (ir) in neurons and nerve fibers was present in both the submucosal and myenteric plexus, but was more intensive in the myenteric plexus. Also, the dense network of NFP-ir nerve fibers was noticed in all subjects in the circular, but not in the longitudinal muscle layer, where we found sparse NFP-ir nerve fibers. Compared to controls and dogs with secondary megacolon, there was a significant decrease (p<0.05) in the density of NFP-ir nerve fibers in the longitudinal muscle layer in dogs with idiopathic acquired megacolon. Distribution and density of SY-immunoreactive neural tissue in both myenteric and submucosal plexus, as well as the intensity of immunoreaction, were similar to NFP-ir innervation in all groups of animals. However, it has been shown that the density of SY-ir nerve fibers within the longitudinal muscle layer and in the lamina propria mucosae is greater than NFP-and NSE-ir. In all analyzed tissue specimens, NSE immunostaining of neural tissue was noticed. A dense network of nerve fibers and neurons was present in the myenteric plexus, but was moderate in the submucosal plexus. Also, sparse NSE-ir unmyelinated axon-like structures have been observed in lamina propria mucosae, while moderate density of the same structures was detected within circular and longitudinal muscle layers (Table 5) .
In all examined samples, intensive S-100-ir was detected in Schwann's cells, as well as in ganglionic satellite cells of both submucosal and myenteric plexus. Also, S-100 immunostaining was detected in scattered unmyelinated axons near the muscularis mucosae, and branched in muscularis propria. Intensity of S-100 immunostaining in ganglion cells was very discrete (Table 5) .
In dogs with idiopathic acquired megacolon, there has been a significant decrease in density of VIP-ir nerve fibers, as well as ganglion cells in submucosal plexus, compared to controls. More over, in the external layer of submucosal plexus we noticed a complete absence of VIP-ir in ganglion cells (Figures 1 and 2 Moderate density of VIP immunostained nerve fibers was seen in the muscle layer of healthy dogs, but was rare in dogs with megacolon. In the lamina propria mucosae of idiopathic megacolon dogs, decrease in density of VIP-ir nerve fibers compared to controls, reached a significant level (Figure 3 ).
DISCUSSION
The enteric nervous system (ENS) encompasses an estimated 10 8 neurons within the intestinal wall that constitute a complex network of intrinsic primary afferent neurons, interneurons, and effector neurons organized in ganglionated neural plexuses (submucosal and myenteric). The role of ENS is well established in regulating intestinal secretion, motility, active transepithelial ion transport, and modulation of intestinal immune functions involved in mucosal protection and defense (Todorovic et al., 1998; Olsson and Holmgren, 2001; Brehmer, 2006; Furnes, 2006) . Enteric neurons innervate the intestinal mucosa, including the gut associated lymphoid tissue, which carries out the dual tasks of maintaining tolerance to food antigens and commensal microflora while initiating innate and acquired immune responses against luminal pathogens (Vulchanova et al., 2007) .
Although the gastrointestinal tract harbours the largest number of neurons outside the CNS and is, in this context, nor smaller than the spinal cord (Furness, 2006) , our knowledge on disease related to defects in the innervation of the gut is rather limited. As a consequence, a number of gastrointestinal disorders is referred to as "functional" because of the absence of morphological abnormalities of gut tissue including the ENS. On the other hand, neuropathological changes in the gut segments affected by inflammation, tumour or Hirschsprung disease are well established. In addition, neuropathological disorders correlate to functional gastrointestinal disorders, thus changes in specific inflammation states were searched for (Todorovi} et al., 1996; Ardizone and Poro, 2002) . The pathology of aquired megacolon, which might help in understanding the mechanism of the disease, is poorly delineated. In contrast, in the congenital megacolon, an aganglionic segment was revealed. Patients and animals with megacolon can be diagnosed as having an acquired form when there is no aganglionic colonic segment. On the other side, several proposed pathophysiological mechanisms of idiopathic acquired megacolon are yet to be verified. These include quantitative and functional alterations of the enteric nervous system, desreased number of intersitial cells of Cajal, and abnormalities of the intestinal smooth muscle, and a complete atrophy of the tendinous fibre net in the muscularis propria (Basilova et In our study, the two megacolon groups showed no changes of density of enteric neurons in both submucosal and myenteric nervous plexuses in DP of the colon. However, compared to controls and dogs with secondary megacolon, there was a significant decrease in the density of NFP-ir nerve fibers in the longitudinal muscle layer in dogs with idiopathic acquired megacolon. NFP immunohistochemistry, performed in our study, is an appropriate tool for representation of morphologically defined enteric neuron types in both pig and man. Combination of this technique with immunohistochemistry for neuroactive substances may be useful for making both morphological and chemical classification schemes mutually more precise (Brechmer et al., 2002; Brechmer, 2006) . Similar to our study, some previous studies also reported that the architecture of the ganglionic cells of ENS seems to be intact under immunohistochemical studies, and presumed that functional abnormalities of ENS might be the possible couse (Gattuso et al., 1997; Meier-Ruge et al., 2006) . In contrast, another study found neuronal dysplasia in patients with acquired idiopathic megacolon (Lee et al., 2005; Iantorno et al., 2007) , patients with chagasic megacolon (Iantorno et al., 2007) or slow-transit constipation (Lee et al., 2005) , as well as in rat model of chronic intestinal obstruction (Galvez et al., 2004) , and postulated that changes in neuronal structures, together with decrease in ICC, might play a pivotal role in those patients. The underlying reasons for the decreased number of neurons and neuronal loss in patients with idiopathic megacolon are myenteric ganglionitis as the contributing factor to reduction of ganglionic cells, and there is no increased apoptosis of enteric neurons. Because previous data have shown both normal architecture and number of enteric neurons and neuronal displasia, it seems likely that patients with "idiopathic" megacolon represent a heterogenous group of patients with a common macroscopic expression and different underlying pathologic aspects, as shown by the presence of megacolon and muscular diseases (Iantorno et al., 2007) .
The significance of the thickened muscularis mucosae, increased density of nerve fibers in the lamina propria, and decrease in density of NFP-ir nerve fibers in the longitudinal muscle layer in dogs with idiopathic acquired megacolon in our study is unknown. These changes may be secondary to a "functional obstruction". In contrast to our study, analysis of colon in patients with idiopathic megacolon have shown abnormally large numbers of neurofilaments and smooth endoplasmic reticulum tubules (Faussone-Pelegrini et al., 1999) .
VIP belong to the secretin-glucagon superfamily of peptides, which includes (beside VIP), gastric inhibitory peptide, glucagon-like peptide, growth hormonereleasing hormone, PACAP/PACAP-related peptide, peptide histidine isoleucine, peptide histidine methionine, and exendins. These peptides have a broad physiological spectrum in the GIT. The peptidergic transmiter VIP is especially important for smooth muscle relaxation of the intestinal wall and modulation of the basal muscle tone (Olsson and Holmgren, 2001) . It is established that VIP not only acts as a neurotransmiter but also plays a role in neuroprotection, growth regulation, and functions as an anti-inflammatory agent. In addition, VIP have been implicated in the regulation of feeding behavior (as anorexigenic peptide), psychomotor activity and energy homeostasis in some vertebrates (Matsuda and Maruyama, 2007) .
VIP-positive neurons and fibers is found in both plexuses of the GIT in different species, dogs included (Daniel et al., 1987; Sundler et al., 1989; Furness et al., 1990; Messenger and Furness, 1990) . Submucosal neurons project to other submucous ganglia by large numbers of synaptic conjunction and to the mucosa and submucosa. However, it is established that in the large intestine VIP-positive submucosal neurons project also in subjacent circular muscle. Generally, in the dog those neurons issue descending projections (Sundler et al., 1989) . Submucosal VIP-ergic ganglia act partly as interneurons. Myenteric VIP-ergic neurons issue predominantly descending projections to other myenteric ganglia and to the muscle layers. The majority of nerve fibers that innervate the circular muscle, including fibers with immunoreactivity for VIP, enkephalin, substance P, NPY, galanin and GRP come from the mynteric ganglia (Messenger and Furness, 1990) . Results of various studies regarding proportion of VIP-positive neurons in sumbucosal and myenteric plexuses differ. The proportion of human myenteric VIP-positive neurons given by different authors lays between 7% (jejunum) and 22.4% (sigmoid colon) of all neurons. VIP myenteric neurons are prevalently spiny (Type I) neurons, which may be descending motor or interneurons. VIP mediates distal colonic peristaltic relaxation. Oral distension affects the caudal release of VIP and is followed by projective distal hyperpolarization within the circular muscle layer. This descending relaxation indicates mechanoreceptive mucosal nerves and proves the influence of VIP on descending peristaltic inhibition (Brehmer, 2006; Furnes, 2006) .
Sevaral authors investigated the numbers and proportion of VIP-positive neurons in various pathological conditions, including human aganglionosis (Tomita et al., 1994) , human idiopathic aquired megacolon and chagasic megacolon (Koch et al., 1993; da Silveira et al., 2007a) , idiopathic chronic constipation (Cortesini et al., 1995) , and ulcerative colitis (Todorovi} et al., 1996) .
The proportion of VIP neurons in these disorders seems to be dependent on a number of factors. Beside that, it is not clear which subpopulations of neurons are normally VIP-negative but express VIP immunoreactivity under various pathological conditions. It may be possible that nitrinergic neurons upregulate their VIP expression but also that non-nitrinergic neurons change their chemical phenotype (Cortesini et al., 1995) . In addition, the reduction od VIP-receptors in developmental flaws of the enteric nervous system in aganglionosis, intestinal neuronal dysplasia, or hypoganglionosis, may be an indicator of a sensomotor disturbance (Schmittenbecher et al., 2002) . For human idiopathic aquired megacolon, only single information was reported (Koch et al., 1993; da Silveira et al., 2007a) . However, disturbances of VIP innervation in the affected colon of dogs with idiopathic megacolon have not been examined.
In the present work we demonstrate the changes in expression of VIP in neuronal plexuses from the colons of dogs with both idiopathic and secondary megacolon. Dogs with idiopathic megacolon display decreased VIP-ir in the myenteric plexus and lamina propria mucosae, and absent of VIP-ir neurons in submucosal plexus of the dilated portion of the colon. Koch and colleagues established that in acquired megacolon VIP-containing nerve fibers were diminished in circular and longitudinal smooth muscles, and immunostaining of nerve cell bodies in the plexus submucosus externus also were diminished. In addition, there were significantly decreased concentrations of VIP and decreased acetylcholinesterase activity in muscularis externa from patients with acquired megacolon. These results suggest the hypothesis that production of VIP is altered allowing secondary colonic hypertrophy to develop from prolonged cholinergic nerve-mediated contraction of circular smooth muscle (Koch et al., 1993) . On the other hand, results of da Silveira and colleagues showed an increased in SP-ir neurons in both enteric plexuses and a selective destruction of inhibitory motor neurons (VIP-and NOS-immunoreactive) in the colon of chagasic patients with megacolon, and suggest that VIP/NOS neurons were preferentially destroyed by Trypanosoma crusy and/or the inflammatory process (da Silveira et al., 2007a) .
Our data showed clearly that VIP-ir neurons in both neuronal plexuses of the colon were decreased, and that VIP-ergic nerve fibers in the mucosal layer were diminished in dogs with idiopathic and secondary megacolon, and suggest that depletion of VIP innervation may prevent smooth muscle relaxation in the damaged colon, affect transit, colonic tone, or muscular relaxation responsible for decreased outlet resistance, as well as affect intestinal secretion, and active transepithelial ion transport.
